Background: Tibia shaft fractures (TSF) are common for men and women and cause substantial morbidity, healthcare use, and costs. The impact of nonunions on healthcare use and costs is poorly described. Our goal was to investigate patient characteristics and healthcare use and costs associated with TSF in patients with and without nonunion.
Background
Tibia shaft fractures are common but unanticipated trauma in adults resulting in painful and prolonged recovery, often associated with complications. The U.S. National Center for Health Statistics reported annual incidence of 492,000 fractures of tibia, fibula, and ankle [1] . Tibia and fibula fractures annually result in 77,000 hospitalizations accounting for 569,000 hospital days and 825,000 physician office visits [2] . The U.S. Agency for Healthcare Research and Quality (AHRQ) reported 151,966 hospital discharges for which tibia/fibula fracture diagnosis was a reason for a principal procedure in 2007 (Healthcare Cost and Use Project, AHRQ) [3] . A high proportion of Medicare patients -adults aged 65 or older -with tibia fractures undergo an acute inpatient stay (70%), post-acute inpatient stay (50%), and home health care (38%) as well as outpatient visits and physical and occupational therapy [4] ; such estimates are missing for young and middle-age adults who also frequently get tibia fractures [5, 6] . Tibia fractures are treated medically, and healthcare use depends on treatment options, which, in turn, vary by injury type and severity and the presence of complications [5, 7] .
Fracture nonunion (sometimes referred to as "delayed union") is a common complication of a tibia fracture; it indicates that fracture healing is not happening in a timely fashion [5, 8] . Nonunions put additional burden on the patient because they prolong the disability and are associated with substantial pain [9, 10] . There is no standard definition of nonunion, and some authors have defined tibia nonunion as a fracture that has not united without additional surgical or nonsurgical intervention within 6-9 months [8] , whereas others waited for sixmonth to perform surgeries to correct nonunions [11] .
A common approach to delayed unions is expectant management, accompanied by non-invasive therapies such as low-intensity pulsed ultrasound [12] [13] [14] , or vibration [12] . When healing fails within a clinically reasonable time period (6-9 months), a second surgical intervention, aiming to stabilize the fracture, is inevitable [8, 11] . Additional therapies used during the surgery, such as bone morphogenetic proteins (BMP's), may further help bone healing, but they are costly.
Nonunions naturally require more healthcare services than fractures without non-unions because of the repeated surgical intervention and the extended patient pain and disability. Understanding of patient characteristics, healthcare use, and costs associated with tibia fracture nonunion is critical to understanding the clinical and economic burden.
Although previous studies investigated nonunion-related healthcare use and costs [15] [16] [17] [18] , they had a number of limitations: small sample size (n < =27) [15] [16] [17] [18] , no comparison to patients without nonunion [15] [16] [17] [18] , outdated estimates [15, 18] , single healthcare setting [15] , and focus on limited therapies: pulsed low-intensity ultrasound [18] , autologous-iliac-crest-bone-graft, or bone morphogenetic protein-7 (BMP-7) [16, 17] . These shortcomings limit the reliability of the estimates, external validity (the ability to generalize to other patient populations and healthcare settings), and the ability compare with costs of fractures with nonunion to those without nonunion. To address these shortcomings, we conducted an analysis of large U.S. medical claims databases that reflects multiple healthcare settings and therapies. The aim of our study was to describe patient characteristics, healthcare resource use, and costs associated with tibia shaft fractures overall and by nonunion status.
Methods

Data
We used data from the Thomson Reuters Marketscan W Research Databases. These retrospective claims databases are fully compliant with the Health Insurance Portability and Accountability Act (HIPAA). The data capture person-specific healthcare use, expenditures, and enrollment in inpatient, outpatient, prescription-drug, and carve-out services a from a selection of large employers, health plans, and government and public organizations.
The databases link paid claims and healthcare encounter data to detailed patient information (for multiple sites and types of providers) over time. The databases include private sector health data from approximately 100 payers and more than 500 million claim records throughout the United States. The examined data spanned the years 2005 through 2008 and reflected approximately 16 million patient lives. This study did not enroll human subjects.
Patient sample
This study included adult patients diagnosed with a tibia shaft fracture (sometimes accompanied with a fibula fracture), which included ICD-9-CM diagnostic codes 823. 20 (2007) (2008) . Please see Online Additional file 1 for more details. We excluded patients who were diagnosed with a tibia fracture in the calendar year prior to the index period and patients who were younger than 18 years at the time of their tibia shaft fracture. Nonunion was defined by ICD-9 code 733.82 recorded after the initial tibia fracture date.
Measures
We extracted the following data for each patient in the sample: age, sex, comorbidities, additional fractures, nonunion status (yes or no), open vs. closed status of the tibia fracture, use of pain medications, healthcare resource use, and medical costs. Healthcare use and costs included all inpatient, outpatient, and pharmacy services billed for during the 24 months after the tibia fracture. Costs were divided into tibia related (whenever tibia fracture diagnosis code was assigned to the medical claim) and non-tibia related (whenever tibia fracture diagnosis code was not assigned to the medical claim). Opioids were classified as "weak" (tramadol and hydrochloride) and "strong" (all others). We assigned "open" fracture status to the cases with an open fracture record in the tibia shaft related claims. Cases with fractures (other than the index fracture) recorded in claims in the 2-year follow-up period received the "additional fracture" status.
Analyses
We described demographic characteristics (age and sex) for all tibia fracture patients (total and by nonunion status). We compared healthcare resource use and medical costs of tibia shaft fracture in patients with and without nonunion. The Charlson comorbidity index (CCI) [18] was used to estimate patient general health status. Costs and health care resources were annualized and converted into 2006 U.S. dollars. Costs were analyzed as tibiarelated, non-tibia related, and total.
Statistical methods
In statistical comparisons, we used Chi-square tests to examine differences in patient counts. We used a nonparametric technique -Wilcoxon test -to compare continuous variables (to minimize the influence of cost outliers). P values < 0.05 were considered to be statistically significant. We conducted analyses using SAS, version 9.3 (Cary, NC).
Internal Review Board (IRB) approval was not required for this retrospective database study because the data were de-identified and followed the HIPAA guidelines prior to our analyses.
Results
A total of 853 tibia fracture patients were selected for the study based on the inclusion and exclusion criteria above.
Tibia fracture patient characteristics: age and sex
Average patient age at the time of fracture varied by sex. The male tibia fracture patients were most likely to be between their forties and fifties ( Figure 1 ) with the mean age 50 years old (y.o.) (median age = 51 y.o.). In contrast, the female tibia fracture patients were most likely to be 65 y.o. or older, and the mean age at the time of the fracture in women was 56 y.o. (median age = 57 y.o.). Age difference between sexes was statistically significant (p < 0.001).
Tibia fracture patient characteristics by nonunion status
Out of 853 patients with a tibia shaft fracture, 99 (12%) patients had a nonunion diagnosis associated with their tibia fracture treatment. Patients with nonunion had characteristics similar to those without nonunion: there Notes: † P-value is based on the T-test, ‡ P-value is based on the Wilcoxon test; ξ -P-value is based on the Chi-Square test; SD -standard deviation. 
Healthcare resource use
Tibia fracture patients consumed a substantial amount of prescription medications (Table 2) . Overall, more than nine out of ten (93.2%) tibia shaft fracture patients used prescription medications during the 2-year follow-up period. The most common prescription medications among all tibia shaft patients were strong opioids (78.0%) and non-steroidal anti-inflammatory drugs (NSAID, 35.3%).
A higher proportion of nonunion patients used medications than those without nonunion (99.0% vs. 92.4%, P = 0.009). This disparity was driven by the following medications: strong opioids (89.9% vs. 76.4%, P = 0.002), prescription NSAID's (47.5% vs. 33.7%, P = 0.007), benzodiazepines (36.4% vs. 26.4%, P = 0.037), injectable corticosteroid (28.3% vs. 18.6%, P = 0.022). Nonunion patients not only were more likely to used strong opioids than their counterparts without nonunion, but also used them for almost twice as long as those without nonunion (5.4 vs. 2.8 months, P < 0.001). Interestingly, although a higher proportion of nonunion patients used selective serotonin reuptake inhibitors (SSRI's) than those without nonunion, the duration of SSRI therapy was shorter in the nonunion patients than in those without nonunion (8.1 vs. 12.1 months, P = 0.003).
Nonunion patients received significantly more surgical procedures than their counterparts without nonunion (Figure 2) . Almost a third (29%) of nonunion patients required repair, one in nine (11%) required osteotomy, and 4% required osteoplasty, whereas none of those without nonunion required these procedures. Almost five-fold difference existed between the rate of external fixation (25% vs. 4%, P < 0.0001) and percutaneous skeletal fixation (5% vs. 1%, P = 0.0045) in those with and without nonunion. Also, nonunion patients were more likely to receive an open treatment with internal fixation (25% vs. 12%, P = 0.0002) or plates and screws (13% vs. 7%, P = 0.044), a closed treatment without manipulation (18% vs. 11%, P = 0.023), or intramedullary implant (42% vs. 26%, P = 0.0005) than patients without nonunion. No statistically significant difference existed between patients with and without nonunion in two procedures: closed treatment with manipulation and open treatment without manipulation.
Other healthcare resources followed a similar pattern (Table 3) . Nonunion patients were more likely to be hospitalized for reasons related to the tibia fracture (64.6% vs. 40.3%, P < 0.001) and other reasons (62.6% vs. 31.6%, P < 0.001) and to use tibia-related physical therapy (59.6% vs. 42.4%, P = 0.001) than their counterparts without nonunion. Other services were comparable between the two groups.
Medical costs
Medical costs of nonunion tibia shaft fracture patients were higher than of their counterparts without nonunion. This was true for services directly related to tibia fractures and other services, even if some of them had a comparable rate of use between the groups (Table 4 lists median and mean treatment costs with standard deviations). This was true for almost all types of healthcare services: directly related to tibia fracture and other services. This resulted in median total care cost for nonunion patients almost doubling that of patients without a nonunion ($25,555.97 vs. $11,686.24, P < 0.001). Median costs of inpatient services not related to tibia fractures were almost 20 times higher in nonunion patients than in those without nonunion ($7,214.43 vs. $368.81, P < 0.001). Although both groups used outpatient services with similar likelihood (Table 3) , the median costs of these services were higher in the nonunion patients than in those without nonunion for both tibia related ($674.05 vs. $150.1, P < 0.001) and non-tibia related ones ($9,952.65 vs. $3,850.53, P < 0.001).
Discussion
Tibia shaft fractures present a substantial burden on patients and the healthcare system. These fractures are common and cause physical limitations and pain to the patients. Nonunions further worsen the burden of tibia shaft fractures and lead to additional healthcare interventions [9, 18] . Although nonunion can occur in any fracture site, tibia shaft is the most common among the long bones [19] [20] [21] . The extent of the healthcare burden and costs associated with tibia shaft fractures needs to be well understood to enhance the framework of decision making regarding treatment patterns and health insurance coverage, and to better evaluate the outcomes of nonunion fracture prevention and treatment. This study addressed an important gap in the literature: the lack of recent and broadly representative data on healthcare use and cost of tibia fracture treatment depending on the nonunion status.
Women with tibia fractures were found to be older than men, and this difference was statistically significant. Men tend to break their tibias in sport activities (e.g. soccer and skiing) or motor vehicle accidents [6] . In women, low bone mass and osteoporosis (common for old ages) are contributing factors to tibia fractures [22] . Table 3 Healthcare resource utilization in tibia shaft fracture patients by nonunion status Pain control and medication use is an important issue in tibia shaft fracture treatment, especially when a nonunion is present [21] . Patients reported lower limb fractures as the most painful ones among fractures and injuries [23] , which naturally drives the use of analgesics. Consistent with previous literature, we found opioids and NSAIDs to be commonly used for pain treatments among patients with bone shaft trauma [24] [25] [26] . Notably, other studies have shown a significant association between the use of NSAIDs [24, 26] or opioids [26] with nonunion of long bone shaft fractures. We also found that patients with nonunion were more likely to experience additional fractures in the study period than those without nonunion, which could have increased their likelihood of receiving NSAIDs, opioids, or both. Although our study design precluded us from any inferences of causality, our results suggest that pain medication (especially opioid) use remains high in tibia shaft fracture patients with nonunion and may be a marker for nonunions.
Strong opioid use itself is a difficult issue in pain management of tibia fractures. Opioids are controlled substances that are associated with side effects, physical tolerance, withdrawal, and addiction [27] . We found substantially higher use of strong opioids in tibia fracture patients with nonunion than in those without nonunion. Because extended use of strong opioids may result in patient addiction, and drug misuse and diversion [28] , previous research suggested cautious use of strong opioids [28] . Thus, prevention or prompt treatment of nonunions may not only help reduce pharmacy and medical costs, but may also lead to better control over opioid use.
Healthcare use and costs were higher in the nonunion group than in those without nonunion. Although the nonunion patients represented only 12% of the tibia shaft fracture patient population, their total costs were more than twice as much as those without a nonunion. This happened because nonunion patients were more likely to use all types of healthcare services than those without nonunion, and their per-patient cost of care was higher than in those without nonunion. We also found that nonunion patients underwent more surgical procedures postfracture than their counterparts without nonunion. These findings are consistent with earlier reports suggesting that nonunion patients were more likely to be hospitalized [16, 17] and operated on [15] than patients without nonunion. We found that both tibia and non-tibia related costs were higher in patients with a nonunion. This may indicate that tibia nonunion has an overall negative impact on other aspects of people's health and causes further non-tibia-related healthcare resource use. Overall, our findings provide an update on medical costs of tibia shaft nonunion to the existing literature [15, 18] and data on healthcare use in a broader patient population group than previously reported (BMP-7 treatment patients) [16, 17] .
While the healthcare system is under increasing financial burden, many healthcare institutions implement cost control strategies. Screening tibia shaft fracture patients for nonunion risks and addressing nonunions in a timely manner, may not only free up scarce healthcare resources and save healthcare dollars, but also improve patient outcomes [12] . The literature suggests that open fractures are more likely to result in a nonunion than closed ones [21, 25, 29, 30] . Consistently, our study found that tibia shaft fracture nonunions were more likely to occur in those whose tibia fracture was open than in those with closed tibia fractures. Open status of a tibia shaft fracture may serve as a pre-cursor of nonunion.
The findings of this research should be interpreted in the context of the limitations of the study design. First, our study focused exclusively on patients with medical and prescription benefit coverage. Therefore, it may not be appropriate to draw inferences about broader populations (especially those without health care insurance) based on the findings presented here. Second, this study was descriptive in nature and did not investigate the effect of fracture-related characteristics (e.g., displaced, compound, or comminuted) or patient-related characteristics (e.g., smoking [31] [32] [33] ) on the risk of nonunion. Smoking status, among other patient-related characteristics, was not available in the studied dataset. Third, the limitations of the databases precluded us from detailing specific within-hospital resource use (e.g., surgical theatre vs. other resources) or estimate whether all tibia fracture healed by the end of the study period.
Finally, we were unable to assess the burden of tibia shaft fracture nonunion beyond medical costs: e.g., on patients' health-related quality of life or indirect costs to the society. Previous U.S. and the U.K. studies have found that the indirect costs of tibia fracture management are at least twice that of the direct healthcare costs [18, 34, 35] . Given the substantial burden of tibia shaft fractures not only on patients, but also on their family members and friends, there is a need to estimate indirect (e.g., productivity) costs of tibia shaft fractures and their nonunion.
Conclusions
In conclusion, this retrospective descriptive analysis of patients with tibia shaft fractures revealed important differences between those with nonunion and their counterparts without a nonunion. Although we identified higher patient comorbidities, resource use, and costs associated with nonunions, many unanswered questions, especially as related to the indirect burden on society and risk factors for nonunion, still remain. Future research (preferably, through a prospective cohort or a placebo-controlled study) should investigate functional and productivity outcomes of tibia shaft fractures, risk factors for their nonunion, and the correlation between risk factors, such as opioid use, and additional fractures.
Endnotes a Carve-out services are medical services that are separated from a contract and paid under a different arrangement.
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Additional file 1: Index Tibia Fracture Diagnosis.
